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METHOD AND SYSTEM FOR
CONTROLLING CHARGING AND
DISCHARGING FOR A HYBRID VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0133818 filed in the
Korean Intellectual Property Office on Nov. 23, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present disclosure relates generally to a method and a
system for controlling charging and discharging for a hybrid
vehicle, and more particularly, to a method and system for
controlling charging and discharging for a hybrid vehicle that
may consume regenerative electric power collected by a
motor through regenerative braking during coasting of the
hybrid vehicle when operating an integrated starter-generator
(ISG) according to a state of charge (SOC) of a battery.

(b) Description of the Related Art

Hybrid vehicles operate through the use of power from an
internal combustion engine and power from a battery. In
particular, hybrid vehicles are designed to efficiently combine
and use power of the internal combustion engine and the
motor. For example, as illustrated in FIG. 1, a hybrid vehicle
includes: an engine 10; a motor 20; an engine clutch 30 which
controls power connection between the engine 10 and the
motor 20; a transmission 40; a differential gear unit 50; a
battery 60; an integrated starter-generator (ISG) 70 which
starts the engine 10 or generates electric power by output of
the engine 10; and wheels 80.

As further shown, the hybrid vehicle includes: a hybrid
controlunit (HCU) 200 for controlling an overall operation of
the hybrid vehicle; an engine control unit (ECU) 110 for
controlling an operation of the engine 10; a motor control unit
(MCU) 120 for controlling an operation of the motor 20; a
transmission control unit (TCU) 140 for controlling an opera-
tion of the transmission 40; and a battery control unit (BCU)
160 for managing and controlling the battery 60. The BCU
160 may also be referred to as a battery management system
(BMS). The ISG 70 may also be referred to as a starting/
generating motor or a hybrid starter-generator (HSG).

The hybrid electric vehicle may be driven in a driving
mode, such as an electric vehicle (EV) mode, which is a mode
of a true electric vehicle solely using power of the motor 20;
a hybrid electric vehicle (HEV) mode using torque of the
motor 20 as auxiliary power while using torque of the engine
10 as main power; and a regenerative braking (RB) mode
collecting braking and inertia energy through power genera-
tion of the motor 20 to charge the battery 60 during braking or
driving using the inertia of the vehicle. The motor 20 of the
hybrid vehicle generally operates as a generator for collecting
the inertia energy during the regenerative braking (RB) mode.
The running by inertia energy of the hybrid vehicle may be
referred to coasting.

As shown in FIG. 2, by setting a minus torque to the motor
while coasting, the inertia energy may be collected as regen-
erative electric power. When the motor operates as a genera-
tor, the regenerative electric power generally charges the bat-
tery of the hybrid vehicle. However, when the battery is in a
fully charged state such that charging is limited or in an
over-temperature state, the regenerative electric power from
the motor 20 cannot charge the battery.
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When the battery is in the fully charged state during coast-
ing, a conventional method known in the related art performs
fuel-cut control instead of the regenerative braking so as to
use a friction torque (minus torque) of the engine, as shown in
FIG. 3. Because the friction torque of the engine while the
fuel is cut is transmitted to an axle through the engine clutch,
the same drivability as during the regenerative braking by the
motor may be accomplished. However, the friction torque
cannot be varied, and when the shift gear of the transmission
is changed, drivability may rapidly deteriorate.

Further, in another conventional method known in the
related art, when the battery is in the fully charged state during
coasting, the regenerative electric power of the motor pro-
duced by the regenerative braking is consumed by an air
conditioner or heater 90. However, due to the unwanted
operation of the air conditioner or heater, the temperature in
the hybrid vehicle may be changed.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the described technology and therefore it may
contain information that does not form the related art that is
already known to a person of ordinary skill in the art.

SUMMARY

The present disclosure has been made in an effort to pro-
vide a method and a system for controlling charging and
discharging for a hybrid vehicle which is able to protect a
battery and to enhance drivability by consuming regenerative
electric power collected by a motor through regenerative
braking while coasting when operating an integrated starter-
generator (ISG) according to a state of charge (SOC) of a
battery.

An exemplary embodiment of the present disclosure pro-
vides a method of controlling charging and discharging for a
hybrid vehicle, wherein the hybrid vehicle includes a motor
operated by power of a battery and an ISG configured to start
an engine or generate electric power by torque of the engine,
the method including: changing a running mode of the hybrid
vehicle to a regenerative braking mode when the hybrid
vehicle is coasting, controlling the motor to generate electric
power in the regenerative braking mode, determining whether
an SOC of'the battery is a charge limiting state, and operating
the ISG by electric power generated by the motor when the
SOC of the battery is the charge limiting state.

The method further includes charging the battery with the
electric power generated by the motor up to the charge lim-
iting state when the SOC of the battery is not the charge
limiting state of the battery, and then operating the ISG by the
electric power generated by the motor when the SOC of the
battery is the charge limiting state. The operating of the ISG
by the electric power generated by the motor includes setting
a speed of the ISG based on speed of the engine and a prede-
termined friction torque map related to operation of the
engine. Further, an engine clutch configured to control power
transmission between the engine and the motor is in an open
state.

Another exemplary embodiment of the present disclosure
provides a system for controlling charging and discharging
for ahybrid vehicle, the system including: a motor configured
to be operated by power of a battery, an ISG configured to
start an engine or generate electric power by torque of the
engine, an engine clutch configured to control power trans-
mission between the engine and the motor, and a control unit
configured to operate the ISG using electric power generated
by the motor in a regenerative braking mode when the hybrid
vehicle is coasting and the battery is in a charge limiting state.
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The controlunit may include: a coasting determination unit
configured to determine whether the hybrid vehicle is in a
coasting state based on a signal according to manipulation of
an accelerator pedal and a brake pedal, a regenerative braking
mode changing unit configured to change a running mode to
a regenerative braking mode when the hybrid vehicle is in a
coasting state, an SOC determination unit configured to deter-
mine an SOC of the battery, an ISG speed control unit con-
figured to control speed of the ISG based on speed of the
engine and a predetermined friction torque map related to
operation of the engine, and a charging/discharging control
unit configured to control charging and discharging based on
signals from the coasting determination unit, the regenerative
braking mode changing unit, the SOC determination unit, and
the ISG speed control unit while the hybrid vehicle is coast-
ing.

As described above, according to an exemplary embodi-
ment of the present disclosure, it is possible to protect a
battery and to enhance drivability by consuming regenerative
electric power collected by a motor through regenerative
braking while coasting when operating an ISG according to
an SOC of a battery.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, aspects and
advantages of the disclosure will become more apparent from
the detailed description when taken in conjunction with the
following accompanying drawings.

FIG. 1 is an exemplary block diagram illustrating a con-
figuration of a typical hybrid vehicle.

FIG. 2 is an exemplary graph illustrating minus torque of a
motor corresponding to coasting torque of a hybrid vehicle.

FIG. 3 is an exemplary graph illustrating minus torque of
an engine corresponding to coasting torque of a hybrid
vehicle.

FIG. 4 is an exemplary configuration diagram of a system
for controlling charging and discharging of a hybrid vehicle
while coasting according to conventional system known in
the related art.

FIG. 5 is an exemplary configuration diagram of a system
for controlling charging and discharging of a hybrid vehicle
while coasting according to an exemplary embodiment of the
present disclosure.

FIG. 6 is an exemplary block diagram illustrating a charg-
ing/discharging control unit illustrated in FIG. 5 in detail
according to an exemplary embodiment of the present disclo-
sure.

FIG. 7 is an exemplary flowchart of a method of controlling
charging and discharging of a hybrid vehicle while coasting
according to an exemplary embodiment of the present disclo-
sure.

Reference numbers refer to the same or equivalent parts of
the present disclosure throughout the figures. It should be
understood that the appended drawings are not necessarily to
scale, presenting a somewhat simplified representation of
various preferred features illustrative of the basic principles
of the disclosure. The specific design features of the present
disclosure as disclosed herein, including, for example, spe-
cific dimensions, orientations, locations, and shapes, will be
determined in part by the particular intended application and
use environment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, the contents of the present disclosure will be
described more fully with reference to the accompanying
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drawings, in which exemplary embodiments of the disclosure
are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways, all without departing from the spirit or scope of the
present disclosure.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Additionally, it is understood that the below methods are
executed by at least one control unit. The term “control unit”
refers to a hardware device that includes a memory and a
processor. The memory is configured to store program
instructions and the processor is specifically configured to
execute said program instructions to perform one or more
processes which are described further below.

The various control units of the present disclosure may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of the computer readable mediums include, but are
not limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
medium can also be distributed in network coupled computer
systems so that the computer readable media is stored and
executed in a distributed fashion, e.g., by a telematics server
or a Controller Area Network (CAN).

FIG. 1 is a diagram illustrating a typical hybrid vehicle to
which a system for controlling charging and discharging
while coasting according to an exemplary embodiment of the
present disclosure may be applied. As shown in FIG. 1, the
hybrid vehicle generally includes an engine 10, a motor 20, an
engine clutch 30, a transmission 40, a differential gear unit 50,
a battery 60, and an integrated starter-generator 70. The
engine clutch 30 controls power transmission between the
engine 10 and the motor 20, and the integrated starter-gen-
erator 70 starts the engine 10 or generates electric power by
output of the engine 10.

The hybrid vehicle to which the system for controlling the
charging and the discharging while coasting according to the
exemplary embodiment of the present invention can be
applied further includes a hybrid control unit (HCU) 200
configured to control an overall operation of the hybrid elec-
tric vehicle, an engine control unit (ECU) 110 configured to
control an operation of the engine 10, a motor control unit
(MCU) 120 configured to control an operation of the motor
20, a transmission control unit (TCU) 140 configured to con-
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trol an operation of the transmission 40, and a battery control
unit (BCU) 160 configured to manage and control the battery
60.

FIG. 5 is a configuration diagram of a system for control-
ling charging and discharging of a hybrid vehicle while coast-
ing according to an exemplary embodiment of the present
disclosure. Operationally, the system consumes regenerative
electric power collected by a motor through regenerative
braking of a hybrid vehicle while coasting when operating an
ISG according to an SOC of a battery.

Tlustratively, the system may include a motor 20, an inte-
grated starter-generator (ISG) 70, an engine clutch 30, and a
control unit 300. The motor 20 is operated by power of a
battery 60, the ISG 70 starts an engine 10 or generates electric
power by torque of the engine 10, and the engine clutch 30
controls connection between the engine 10 and the motor 20.
The control unit 300 controls the ISG 70 to be operated by
electric power generated by the motor 20 in a regenerative
braking mode while coasting according to an SOC of the
battery when the hybrid vehicle is coasting and the SOC of the
battery 60 is in a charge limiting state. The engine 10, the
motor 20, the engine clutch 30, the battery 60, and the inte-
grated starter-generator 70 are components generally
included in the hybrid vehicle, so detailed descriptions
thereof will be omitted in the present specification.

The control unit 300 may be made up of one or more
processors or microprocessors and/or hardware operated by a
program including a series of commands for executing a
method of controlling charging and discharging of a hybrid
vehicle while coasting according to an exemplary embodi-
ment of the present disclosure, which will be described below.
In the exemplary embodiment of the present disclosure, the
control unit 300 may include an engine control unit (ECU)
configured to control operation of the engine 10, a motor
control unit (MCU) configured to control operation of the
motor 20, a battery control unit (BCU) configured to manage
and control the battery 60, and a hybrid control unit (HCU)
configured to control overall operation of the hybrid electric
vehicle which includes operation of the ISG 70.

In the exemplary method of controlling charging and dis-
charging of a hybrid vehicle while coasting according to an
exemplary embodiment of the present disclosure which will
be described below, some processes may be performed by the
ECU, other processes may be performed by the MCU, and yet
further processes may be performed by the BCU or the HCU.
However, it should be understood that the scope of the present
disclosure is not limited to the exemplary embodiment to be
described below. The control unit may be implemented with
a different combination from that described in the exemplary
embodiment of the present disclosure. Therefore, the ECU,
the MCU, the BCU, and the HCU may perform a different
combination of processes from that described in the exem-
plary embodiment of the present disclosure.

The control unit 300 may be made up of detailed constitu-
ent elements as shown in FIG. 6. The detailed constituent
elements illustrated in FIG. 6 may be configured with one or
more modules implemented as hardware and/or software.
The hardware may include electric/electronic components
and/or microprocessors and/or microcomputers and the like.

Tlustratively, the control unit 300 may include: a coasting
determination unit 320, a regenerative braking mode chang-
ing unit 330, an SOC determination unit 340, an ISG speed
control unit 350, and a charging/discharging control unit 310.
The coasting determination unit 320 determines whether the
hybrid vehicle is in a coasting state, based on a signal accord-
ing to manipulation of an accelerator pedal and a brake pedal.
The regenerative braking mode changing unit 330 changes to
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a regenerative braking mode when the hybrid vehicle is in a
coasting state. The SOC determination unit 340 determines
an SOC of the battery 60, and the ISG speed control unit 350
controls speed of the ISG based on speed of the engine 10 and
a predetermined friction torque map related to operation of
the engine 10. The charging/discharging control unit 310
controls charging and discharging based on signals from the
coasting determination unit 320, the regenerative braking
mode changing unit 330, the SOC determination unit 340,
and the ISG speed control unit 350 while the hybrid vehicle is
coasting.

In an exemplary embodiment of the present disclosure, for
example, the coasting determination unit 320 may determine
when both an accelerator pedal and a brake pedal are not
manipulated by a driver, and thus conclude that the vehicle is
coasting, but it should be understood that the present disclo-
sure is not limited thereto. If the hybrid vehicle is substan-
tially running by inertia, a technical spirit of the present
disclosure is applicable thereto.

Hereinafter, a method of controlling charging and dis-
charging of a hybrid vehicle while coasting according to an
exemplary embodiment of the present disclosure will be
described in detail with reference to the accompanying draw-
ings.

Inthis regard, FIG. 7 is an exemplary flowchart ofa method
of controlling charging and discharging of a hybrid vehicle
while coasting according to an exemplary embodiment of the
present disclosure. As illustrated in FIG. 7, the coasting deter-
mination unit 320 of the control unit 300 determines whether
the hybrid vehicle is in coasting state (S110). The coasting,
for example, may be when both an accelerator pedal and a
brake pedal are not manipulated by a driver. When both the
accelerator pedal and the brake pedal are not manipulated by
the driver, the signal according to manipulation of the accel-
erator pedal and the brake pedal may not be generated. In step
S110, when the hybrid vehicle is in the coasting state, the
regenerative braking mode changing unit 330 of the control
unit 300 changes the running mode to a regenerative braking
mode (S120).

After changing to the regenerative braking mode, the con-
trolunit 300 may control the engine clutch 30 to be in an open
state so that the regenerative braking may be properly imple-
mented. In step 130, after changing to the regenerative brak-
ing mode, the motor 20 starts to generate electric power
according to the regenerative braking mode (S130).

Subsequently, the control unit 300 determines whether an
SOC of'the battery 60 is a charge limiting state before charg-
ing the battery 60 with the electric power generated by the
motor (S140). The charge limiting state, for example, may be
when the SOC of the battery 60 is 90% or above. In general,
an SOC of 100% means that the battery is fully charged, and
an SOC of 0% means that the battery is fully discharged. A
process of determining whether the SOC of the battery 60 is
the charge limiting state may depend on the process in which
the BCU 160, according to the related art, determines whether
an SOC of a battery is a charge limiting state.

In step S140, when the SOC of the battery 60 is not in the
state of limiting the charging of the battery 60, the control unit
300 charges the battery 60 with the electric power generated
by the motor 20 (S150). As the control unit 300 charges the
battery 60 with the electric power generated by the motor 20,
the control unit 300 continuously monitors and determines
whether the SOC of'the battery 60 reaches the charge limiting
state.

When the SOC of the battery 60 has reached the charge
limiting state, the charging/discharging control unit 310 of
the control unit 300 operates and controls the ISG 70 by
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electric power generated by the motor 20 so that the electric
power generated by the motor 20 is consumed in the ISG 70
(8160). When the charging/discharging control unit 310 oper-
ates and controls the ISG 70, the ISG speed control unit 350
of the control unit 300 controls a speed and/or torque of the
ISG 70 so that the electric power generated by the motor 20
may be totally consumed in the ISG 70.

The ISG speed control unit 350 may control the speed of
the ISG 70 based on speed of the engine 10 and a predeter-
mined friction torque map of the engine 10 stored in the ECU
110. For example, when an SOC of the battery 60 is a charge
limiting state and electric power generated by the motor 20 is
5 kW, the ISG speed control unit 350 controls speed of the
ISG 70 so that 5 kW is totally consumed in the ISG 70.

Accordingly, the method according to the exemplary
embodiment of the present disclosure may consume regen-
erative electric power collected by the motor through regen-
erative braking while coasting when operating an ISG accord-
ing to an SOC of a battery.

While this disclosure has been in connection with what is
presently considered to be exemplary embodiments, it is to be
understood that the disclosure is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the accompanying claims.

<Description of Reference Numerals>

20: Motor
60: Battery

: Engine

: Engine clutch

: Integrated starter-generator (ISG)

: Control unit

: Coasting determination unit

: Regenerative braking mode changing unit
: SOC determination unit 350: ISG speed control
unit

What is claimed is:

1. A method of controlling charging and discharging for a
hybrid vehicle, wherein the hybrid vehicle includes a motor
operated by power of a battery and an integrated starter-
generator (ISG) configured to start an engine or generate
electric power by torque of the engine, the method compris-
ing:

changing, by a control unit, a running mode of the hybrid

vehicle to a regenerative braking mode when the hybrid
vehicle is coasting;

controlling, by the control unit, the motor to generate elec-

tric power in the regenerative braking mode;
determining, by the control unit, whether a state of charge
(SOC) of the battery is a charge limiting state; and
operating, by the control unit, the ISG by electric power
generated by the motor when the SOC of the battery is
the charge limiting state.

2. The method of claim 1, further comprising:

charging, by the control unit, the battery with the electric

power generated by the motor up to the charge limiting
state when the SOC of the battery is not the charge
limiting state, and then operating the ISG by the electric
power generated by the motor when the SOC of the
battery is the charge limiting state.

3. The method of claim 2, wherein the operating of the ISG
by the electric power generated by the motor comprises set-
ting a speed of the ISG based on a speed of the engine and a
predetermined friction torque map related to operation of the
engine.
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4. The method of claim 2, wherein, when operating the
ISG, an engine clutch configured to control power transmis-
sion between the engine and the motor is in an open state.

5. A method of controlling charging and discharging for a
hybrid vehicle, wherein the hybrid vehicle includes a motor
operated by power of a battery and an integrated starter-
generator (ISG) configured to start an engine or generate
electric power by torque of the engine, the method compris-
ing:

changing, by a control unit, a running mode of the hybrid
vehicle to a regenerative braking mode when the hybrid
vehicle is coasting;

controlling, by the control unit, the motor to generate elec-
tric power in the regenerative braking mode; and

operating, by the control unit, the ISG by electric power
generated by the motor.

6. A system for controlling charging and discharging for a

hybrid vehicle, the system comprising:

a motor configured to be operated by power of a battery;

an integrated starter-generator (ISG) configured to start an
engine or generate electric power by torque of the
engine;

an engine clutch configured to control power transmission
between the engine and the motor; and

a control unit configured to operate the ISG using electric
power generated by the motor in a regenerative braking
mode when the hybrid vehicle is coasting and the battery
is in a charge limiting state.

7. The system of claim 6, wherein the control unit com-

prises:

a coasting determination unit configured to determine
whether the hybrid vehicle is in a coasting state based on
a signal according to manipulation of an accelerator
pedal and a brake pedal;

a regenerative braking mode changing unit configured to
change a running mode to the regenerative braking mode
when the hybrid vehicle is in the coasting state;

a state of charge (SOC) determination unit configured to
determine an SOC of the battery; an ISG speed control
unit configured to control a speed of the ISG based on a
speed of the engine and a predetermined friction torque
map related to operation of the engine; and a charging/
discharging control unit configured to control charging
and discharging based on signals from the coasting
determination unit, the regenerative braking mode
changing unit, the SOC determination unit, and the ISG
speed control unit while the hybrid vehicle is coasting.

8. A non-transitory computer readable medium containing
program instructions for controlling charging and discharg-
ing of a hybrid vehicle and being executed by a control unit,
wherein the hybrid vehicle includes a motor operated by
power of a battery and an integrated starter-generator (ISG)
configured to start an engine or generate electric power by
torque of the engine and the control unit configured to control
the motor and the ISG, the computer readable medium com-
prising:

program instructions that change a running mode of the
hybrid vehicle to a regenerative braking mode when the
hybrid vehicle is coasting;

program instructions that control the motor to generate
electric power in the regenerative braking mode;

program instructions that determine whether a state of
charge (SOC) of the battery is a charge limiting state;
and

program instructions that operate the ISG by electric power
generated by the motor when the SOC of the battery is
the charge limiting state.
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9. The computer readable medium of claim 8, further com-
prising:

program instructions that charge the battery with the elec-

tric power generated by the motor up to the charge lim-
iting state when the SOC of the battery is not the charge
limiting state, and then operating the ISG by the electric
power generated by the motor when the SOC of the
battery is the charge limiting state.

10. The computer readable medium of claim 9, wherein the
program instructions that operate the ISG by the electric
power generated by the motor comprise program instructions
that set a speed of the ISG based on a speed of the engine and
a predetermined friction torque map related to operation of
the engine.

11. The computer readable medium of claim 9, wherein
when operating the ISG, an engine clutch configured to con-
trol power transmission between the engine and the motor is
in an open state.
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